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(57) Abstract: Some embodiments herein in

clude at least one of systems, methods, and
devices for power-efficient data transfer
between two communicating devices. The
two devices establish two wireless links

100 between each other; the first link using a low-
power/low-throughput protocol and utilized
to maintain a second link, the second link u s

.106 ing a high-power/high-throughput protocol.
When first device data is available for trans
mission, the first device instructs the second
device via the first link to switch to the
second link for data reception. The first

08 device then transmits data to the second
device via the second link. When the trans
mission is complete, both devices switch back
to using the first link to maintain their con
nection to each other. In some embodiments,
the first device may be a Human Interface

FIG. 1 device and the second device may be a
Bluetooth controller of a computing device.
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WIRELESS COMMUNICATION DEVICE AND METHOD FOR

POWER-EFFICIENT DATA TRANSFER

TECHNICAL FIELD

Embodiments pertain to wireless communications. Some

embodiments relate to communications with short-range wireless devices, such

as Bluetooth devices.

BACKGROUND

[0001] Many Bluetooth devices, such as mice, keyboards, etc., are

characterized by short, high-throughput bursts of data and long, idle periods of

no data transmission. The Bluetooth Low Energy (BLE) technology consumes

little power but has low throughput. The classic Bluetooth technology, which

uses either the Basic Rate (BR) or Enhanced Data Rate (EDR) modes, can have

high throughput by consuming a significant amount of power.

[0002] Thus, what is needed is a system and method for communicating

with a higher throughput and lower power consumption.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] FIG. 1 illustrates an operational environment of Bluetooth

devices for power-efficient data transfer in accordance with some embodiments;

[0004] FIG. 2 is a functional block diagram of a Bluetooth device in

accordance with some embodiments;

[0005] FIG. 3 illustrates an example of switching from using the BLE

link to the BR/EDR link in accordance with some embodiments;

[0006] FIG. 4 is a flowchart of a procedure for power-efficient Bluetooth

data transfer in accordance with some embodiments.



DETAILED DESCRIPTION

[0007] The following description and the drawings sufficiently illustrate

specific embodiments to enable those skilled in the art to practice them. Other

embodiments may incorporate structural, logical, electrical, process, and other

changes. Portions and features of some embodiments may be included in, or

substituted for, those of other embodiments. Embodiments set forth in the claims

encompass all available equivalents of those claims.

[0008] FIG. 1 illustrates an operational environment of Bluetooth

devices for power-efficient data transfer in accordance with some embodiments.

As shown in FIG. 1, a first 102 and second 104 communication devices in

accordance with some embodiments of the invention. In accordance with some

embodiments, the first communication device 102 may establish two wireless

links 106 & 108 with the second communication device 104. The first wireless

link 106 may be a low-throughput, low-energy link and the second wireless link

108 may be a high-throughput, high-energy link, although the scope of the

invention is not limited in this respect. The first device 102 may then place the

second wireless link 108 into an inactive state by sending an appropriate

command via the first wireless link 106 to the second device 104. When the first

device 102 has data to transmit to the second device 104, the first device 102

may activate the second wireless link 108 by sending an appropriate command

via the first wireless link 106 to the second device 104, the command instructing

the second device 104 to switch its reception from the first wireless link 106 to

the second wireless link 108. Upon receipt of an acknowledgement of the

command from the second device 104, the first device 102 may switch its

antenna to using the second wireless link 108 and may transmit data via the

second wireless link 108 to the second device 104.

[0009] In some embodiments, first device 102 may be a Human Interface

Device (HID) such as mouse, a keyboard, touchscreen, a personal digital

assistant (PDA), a laptop or portable computer with wireless communication

capability, a web tablet, a wireless or cellular telephone, a wireless headset, a

pager, an instant messaging device, a digital camera, an access point, a

television, a medical device (e.g., a heart rate monitor, a blood pressure monitor,



etc.), or other device that may receive and/or transmit information wirelessly,

although the scope of the invention is not limited in this respect.

[0010] In some embodiments, second device 104 may be a Bluetooth

controller of a computing device such as a personal digital assistant (PDA), a

laptop or portable computer with wireless communication capability, a web

tablet, a wireless or cellular telephone, or other device that may receive and/or

transmit information wirelessly, although the scope of the invention is not

limited in this respect.

[0011] In some embodiments, the first and second wireless links may be

implemented in accordance with a frequency-hopping spread spectrum (FHSS)

communication technique, although the scope of the invention is not limited in

this respect. In some embodiments, first wireless link 106 may communicate

using the Bluetooth Low Energy (BLE) protocol, and the second wireless link

108 may communicate using the Bluetooth Basic Rate / Enhanced Data Rate

(BR/EDR) protocol, although the scope of the invention is not limited in this

respect.

[0012] Upon data transfer completion, first device 102 may wait for the

passage of a preset timeout period. Upon passage of the preset timeout period,

first device 102 may then revert to using the first wireless link 106 and place the

second wireless link 108 into an inactive state.

[0013] First device 102 synchronizes its clock with the clock of second

device 104 by transmitting to and receiving from second device 104, via the first

wireless link 106, appropriate transmissions of a clock-synchronizing protocol.

These transmissions also serve to maintain the active state of first wireless link

106.

[0014] In some embodiments, the first wireless link 106 is configured to

use a lower duty cycle than second wireless link 108, although the scope of the

invention is not limited in this respect.

[0015] FIG. 2 is a functional block diagram of a Bluetooth device in

accordance with some embodiments. Device 200 may include one or more

antennas 202, a transceiver 206 and processing unit 204. Device 200 may be

suitable for use as device 102. In accordance with embodiments, the transceiver

206 may be configured by the processing unit 204 to switch between BLE



wireless link 106 and BR/EDR wireless link 108 according to the above-

described method. In one embodiment, device 200 may dedicate one antenna

202 to the BLE wireless link 106 and dedicate another antenna 202 to the

BR/EDR wireless link 108. In another embodiment, device 200 may have a

single antenna 202 and use transceiver 206 to switch the antenna 202 between

the BLE wireless link 106 and the BR/EDR wireless link 108.

[0016] FIG. 3 illustrates an example of switching from using the BLE

link to the BR/EDR link in accordance with some embodiments. Line 302

represents a segment of time for the BLE wireless link 106 and line 304

represents the same segment of time for the BR/EDR wireless link 108. Time

slots 306 represent segments of time when transmission may occur between first

Bluetooth device 102 and second Bluetooth device 104. First Bluetooth device

102 periodically synchronizes its clock with second Bluetooth device 104. First

Bluetooth device 102 also periodically synchronizes its radio frequencies with

second Bluetooth device 104. In some embodiments, the synchronization of

clocks and radio frequencies may occur at the same time; in other embodiments,

the synchronization of clocks and radio frequencies may occur at different times.

[0017] BLE anchor points 308 represent the start of a possible

connection event. In one embodiment, second Bluetooth device 104 listens at

the beginning of BLE anchor point 308 for a command 310 from first Bluetooth

device 102 to switch from communicating via the BLE link 106 to

communicating via the BR/EDR link 108. If no command 310 is received by

second Bluetooth device 104 at the beginning of a BLE anchor point 308, then

second Bluetooth device 104 waits until the next BLE anchor point 308 to listen

for the command 310.

[0018] In some embodiments, when second Bluetooth device 104

receives a command 310 from first Bluetooth device 102 at the beginning of

BLE anchor point 308, second Bluetooth device 104 may send first Bluetooth

device 102 an acknowledgement via the BLE link 106. The first Bluetooth

device 102 may then switch communication from the BLE link 106 to the

BR/EDR link 108. First Bluetooth device 102 may then transmit data 312 to the

second Bluetooth device 104 via BR/EDR link 108. Upon completion of data

transmission 312 by the first Bluetooth device 102 to the second Bluetooth



device 104 via the BR/EDR link 108, first Bluetooth device 102 and second

Bluetooth device 104 may wait for an appropriate period of time, and may

switch 314 from communicating via the BR/EDR link 108 to communicating via

the BLE link 106.

[0019] FIG. 4 is a flowchart of the Power-Efficient Bluetooth Data

Transfer Procedure 400 in accordance with some embodiments. The Power-

Efficient Bluetooth Data Transfer Procedure 400 may be performed by a

wireless communication device, such as first Bluetooth device 102, although this

is not a requirement as other devices may be configured to perform the Power-

Efficient Bluetooth Data Transfer Procedure 400. In one embodiment, first

Bluetooth device 102 begins by establishing 402 the BLE link 106 and the

BR/EDR link 108 between the first Bluetooth device 102 and the second

Bluetooth device 104. After the BLE link 106 and the BR/EDR link 108 have

been established 402, first Bluetooth device 102 places into an inactive state 404

the BR/EDR link 108. Thus, the first Bluetooth device 102 and the second

Bluetooth device 104 are in state 406 where the BLE link 106 is active and the

BR/EDR link 108 is inactive.

[0020] In these embodiments, first Bluetooth device 102 may then check

if data is available for transmission 408 to the second Bluetooth device 104. In

one embodiment, this check may be performed by a blocking poll. In another

embodiment, this check may be performed by means of a non-blocking interrupt.

If no data is available for transmission 410 from the first Bluetooth device 102 to

the second Bluetooth device 104, first Bluetooth device 102 stays in the state

406, where the BLE link 106 is active and the BR/EDR link 108 is inactive. If

data is available for transmission 412 from the first Bluetooth device 102 to the

second Bluetooth device 104, first Bluetooth device 102 places the BLE link 106

into an inactive state 414 and places the BR/EDR link 108 into an active state

414. First Bluetooth device 102 then transmits 416 data via the BR/EDR link

108 to the second Bluetooth device 104. In some embodiments, upon data

transfer completion 422, first Bluetooth device 102 maintains the BR/EDR link

108 in an active state for a timeout period 424. After passage of the timeout

period, first Bluetooth device 102 places the BR/EDR link 108 into an inactive

state 426 and activates the BLE link 106. Thus, the first Bluetooth device 102



and the second Bluetooth device 104 are again in state 406 where the BLE link

106 is active and the BR/EDR link 108 is inactive.

[0021] Many conventional Bluetooth devices, such as mice, keyboards,

etc., are characterized by short, high-throughput bursts of data and long, idle

periods of no data transmission. Conventional Bluetooth wireless

communication, using either the BR or EDR protocols, has high data throughput

but uses a significant amount of power, making BR/EDR unsuitable for use

during the long, idle periods of no data transmission. Bluetooth wireless

communication using the BLE protocol uses much less power than BR/EDR but

has low data throughput, making BLE not suitable for transmitting short, high-

throughput bursts of data. Switching the wireless link from BLE to BR/EDR

when data is available for transmission is not a viable option because

reestablishing the BR/EDR connection in the traditional way, which prevents

data transfer until the BR/EDR connection is reestablished, may take too much

time for the users of many Bluetooth devices.

[0022] In accordance with embodiments, a pair of Bluetooth devices

communicating with each other may maintain a BLE link 106 and a BR/EDR

link 108, and synchronize the clocks and radio frequencies of both devices via

the BLE link 106. Using the BLE link 106 to synchronize the clocks of both

devices and maintain the BLE link 106 may allow the devices to switch quickly

from using the BLE link 106 to using the BR/EDR link 108 for high-throughput

data transfer. Accordingly, Bluetooth devices may benefit from the low power

requirements of the BLE protocol and the high-throughput data transfer

capabilities of the BR/EDR protocol.

[0023] It will be readily understood to those skilled in the art that various

other changes in the details, material, and arrangements of the parts and method

stages which have been described and illustrated in order to explain the nature of

the inventive subject matter may be made without departing from the principles

and scope of the inventive subject matter as expressed in the subjoined claims.



CLAIMS

What is claimed is:

1. A method performed by a first communication device, the method

comprising:

establishing two wireless links with a second communication device, a

first link conducted according to a first protocol and utilized to maintain a

second link, the second link conducted according to a second protocol to

transport content data;

placing the second link in an inactive state via the first link;

when content data is available for sending, sending a command via the

first link to the second communication device to activate the second

communication link;

activating the second link upon receipt of an acknowledgement of the

command, the activating including placing the second link in an active state and

placing the first link in an inactive state; and

transmitting the content data to the second communication device using

the second link.

2. The method of claim 1, wherein the method is performed by a Human

Interface Device.

3. The method of claim 1, wherein the second communication device is a

Bluetooth controller of a computing device.

4. The method of claim 1, wherein:

the first protocol is a Bluetooth Low Energy (BLE) protocol; and

the second protocol is a Bluetooth Basic Rate / Enhanced Data Rate (BR/EDR)

protocol.

5. The method of claim 1, wherein activating the second link includes

switching an antenna of a device to operate in accordance with the second

protocol.



6. The method of claim 1, further comprising:

deactivating the second link upon completion of the data transfer and

passage of a timeout period, the deactivating including reverting back to the first

link, returning the second link to the inactive state, and maintaining the second

link in the inactive state via the first link.

7. The method of claim 1, further comprising maintaining the connection

between the first device and the second device by synchronizing a clock of the

first device with a clock of the second device over the first link.

8. The method of claim 1, wherein the method further comprises

configuring the first link to have a lower duty cycle than the second link.

9. A method performed by a first communication device, the method

comprising:

establishing two wireless links with a second communication device, a

first link conducted according to the Bluetooth Low Energy (BLE) protocol and

utilized to maintain a second link, the second link conducted according to the

Bluetooth Basic Rate / Enhanced Data Rate (BR/EDR) protocol to transport

content data;

placing the second link in an inactive state via the first link;

when content data is available for sending, sending a command via the

first link to the second communication device to activate the second

communication link;

activating the second link upon receipt of an acknowledgement of the

command, the activating including placing the second link in an active state and

placing and maintaining the first link in an inactive state; and

transmitting the content data to the second communication device using

the second link.



10. The method of claim 9, further comprising maintaining the connection

between the first device and the second device by synchronizing a clock of the

first device with a clock of the second device over the BLE link.

11. The method of claim 9, wherein the method further comprises

configuring the BLE link to have a lower duty cycle than the BR/EDR link.

12. A wireless communication device, the device configured to:

establish two wireless links with a second communication device, a first

link conducted according to a first protocol and utilized to maintain a second

link, the second link conducted according to a second protocol to transport

content data;

place the second link in an inactive state via the first link;

when content data is available for sending, send a command via the first

link to the second communication device to activate the second communication

link;

activate the second link upon receipt of an acknowledgement of the

command, the activating including placing the second link in an active state and

placing the first link in an inactive state; and

transmit the content data to the second communication device using the

second link.

13. The wireless communication device of claim 12, wherein the device is a

Human Interface Device.

14. The wireless communication device of claim 12, wherein the second

communication device is a Bluetooth controller of a computing device.

15. The wireless communication device of claim 12, wherein the first

protocol is a Bluetooth Low Energy (BLE) protocol; and

the second protocol is a Bluetooth Basic Rate / Enhanced Data Rate

(BR/EDR) protocol.



16. The wireless communication device of claim 12, wherein activating the

second link includes switching an antenna of the device from operating in

accordance with the first protocol to operating in accordance with the second

protocol.

17. The wireless communication device of claim 12, further configured to:

deactivate the second link upon completion of the data transfer and

passage of a timeout period, the deactivating including reverting back to the first

link, returning the second link to the inactive state, and maintaining the second

link in the inactive state via the first link.

18. The wireless communication device of claim 12, further configured to:

maintain the connection between the first device and the second device

by synchronizing a clock of the first device with a clock of the second device

over the first link.

19. The wireless communication device of claim 12, further configured to:

configure the first link to have a lower duty cycle than the second link.

20. The wireless communication device of claim 12, wherein the first link is

configured in accordance with a Bluetooth Low Energy (BLE) protocol and

utilized to maintain a second link, the second link is configured in accordance

with a Bluetooth Basic Rate / Enhanced Data Rate (BR/EDR) protocol to

transport content data.
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